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摘  要 
本文通过设计引物进行 PCR 扩增并测序，获得并分析了日本囊对虾
(Marsupenaeus japonicus)的线粒体基因组(mtDNA)中细胞色素 b 基因(Cyt b)及其
细胞色素 C 氧化酶亚基 I 基因(COI)部分序列，探讨了日本囊对虾北海、陵水、
惠来和厦门 4 个群体的遗传结构特点和群体分化；并应用 16SrRNA 的部分序列，
对对虾科(Penaeidae)13 种对虾的分子系统进化进行了研究，主要结果如下： 
1、在日本囊对虾 120 个个体 530 bp 的 Cyt b 基因部分序列中，共检测到 75
个多态位点，其中有 44 个简约信息位点，共定义了 62 个单倍型，显示了日本
囊对虾较高的遗传多样性水平。在日本囊对虾 577 bp 的 COI 基因部分序列中，
共检测到 81 个多态位点，其中有 62 个简约信息位点，共定义了 66 个单倍型，
同样显示了日本囊对虾较高的遗传多样性水平。 




群体。(2) 分子变异分析(AMOVA)分析结果和遗传分化指数 Fst 均显示，日本囊
对虾 4 个群体存在较大的遗传分化。遗传多样性分析、中性检验结果及单倍型
网络图显示日本囊对虾群体可能在进化过程中存在扩张过程。(3) 2 段基因构建
的 NJ 树聚类情况和单倍型网络图谱都一致支持厦门群体与部分惠来群体聚为 1 
支，其他群体聚为另 1 支，这 2 个类群的遗传距离为 5.17%(Cyt b)和 6.92%(COI)，
分化接近亚种水平，分化时间大约在 240 万年前，据此本文建议我国东南近海
的日本囊对虾可以分为 2 个种群，2 个种群的分布区域在广东惠来海域附近存
在重叠。 
3、6 种对虾的 16SrRNA 序列长度为 479~481 bp，存在碱基的插入和缺失，
在 481 bp 碱基中，共检测到多态位点 82 个，简约信息位点 78 个，产生插入/


















聚成另 1 支，然后这 2 支合聚一起，而囊对虾属则先和沟对虾属(Melicertus)聚









































Population genetic structure of 4 groups of Marsupenaeus japonicus (Beihai, 
Lingshui, Huilai, Xiamen) from neritic waters in Southeastern China Sea was 
investigated by molecular analysis of  Cytochrome b (Cyt b)and Cytochrome 
oxidase I(COI) partial sequences in mitochondrial DNA. The molecular phylogenetic 
evolution of 13 species in Penaeidae was estimated from 16SrRNA in mitochondrial 
DNA. The main results are shown as follows: 
1 The length of partial Cyt b sequences in the tested shrimps is 530 bp. 75 
variable sites are identified from 120 individuals, with 62 haplotypes, and 44 are 
parsimony sites. The length of partial COI sequences is 577 bp. 81 variable sites are 
identified from 120 individuals, with 66 haplotypes, and 62 are parsimony sites. The 
two sequenses both showed that the genetic diversity of M. japonicus were high. 
2 The results of genetic structure and genetic differentiation by analysing Cyt b 
and COI sequenses showed that: (1) The genetic diversity of M. japonicus was high. 
From this point of view, the germplasm resources of M. japonicus could be in a better 
state, and they could have greater ability in adaptting to the environment. Huilai group 
showed the most haplotypes and the hightest genetic divesity in the 4 groups, reflects 
that Huilai group has the better ability than other groups in adaptting the environment. 
(2) Analysis of molecular variance (AMOVA) and the conventional population 
statistic (Fst) revealed the larger genetic differentiation among the 4 groups. The 
results of genetic diversity analyses, neutral test and haplotype network showed that 
suddent expansion might have happend in the evolution of M. japonicus. (3) Both 
haplotype network and phylogenetic tree indicated the Beihai, Lingshui and part of 
Huilai putative populations had the closest relation among the four putative 
populations and they clustered to form one branch, while Xiamen and the rest Huilai 
putative populations clustered to the other one, and the genetic distance of these two 
groups was 5.17%(Cyt b) and 6.92%(COI). Result in this study suggested that the 
genetic divergence between the two groups may be approached to subspecies level, 















in southeast coast of China were separated two distinct clades representing two 
varieties, and the Huilai coast constitute the sympatric zone of the two varieties. 
3 The length of the 16SrRNA ranged from 479 bp to 481 bp. 82 variable sites 
were identified from 6 shrimps, with 78 parsimony sites and 4 insert/miss sites. 
Phylogenetic inferences among six genera in Pectinide were predicted using the 
16SrRNA sequences developed in study and the available 16SrRNA sequences in the 
Genbank database, which was consistent with the taxonomic relationships based on 
morphology. Farfantepenaeus and Litopenaeus cluster to the first clade and Penaeus 
and Fenneropenaeus cluster to the second clade, then these two clades cluster to one 
clade. Marsupenaeus gather with Melicertus first before gathering with other genera. 
In conclusion, the revision of the taxonomy of the genus Penaeus by Prerz-Farfante 
and Kensley (1997) is supported in my present study. 
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AFLP        Amplified Fragment Length Polymorphism 扩增片段长度多态性 
AMOVA                     Analysis of Molecular Variance 分子方差分析 
ATP                                Adenosine-Triphosphate 三磷酸腺苷 
bp                                                  Base pair 碱基对 
COI                       Cytochrome oxidase I 细胞色素 c 氧化酶亚基 I 
Cyt b                                         Cytochrome b 细胞色素 b 
Df                                          Degree of Freedom 自由度 
DNA                               Deoxyribonucleic Acid 脱氧核糖核酸 
EB                                        Ethidium bromide 溴化乙啶 
EDTA                    Ethylene Diamine Teraacetic Acid  乙二胺四乙酸 
FlSH                       Flourecence in situ hybridization 荧光原位杂交 
Fst                           Genetic Differentiation Index  遗传分化指数 
ITS                              Internal Transcribed Spacer  转录间隔区 
MEGA        Molecular Evolutionary Genetics Analysis 分子进化分析软件包 
min                                                    minutes 分钟 
ML                             Maximum Likelihood method 大似然法 
MP                             Maximum Parsimony method 大简约法 
MY                                              Million Year 百万年 
NJ                                     Neighbor-Joining method 邻接法 
PCR                          Polymerase Chain Reaction 聚合酶链式反应 
RAPD          Random Amplified Polymorphic DNA  随机扩增多态性 DNA 
RFLP      Restriction Fragment Length Polymorphism 限制性片段长度多态性 
RNA                                       Ribonucleic Acid  核糖核酸 
rRNA                                Ribosomal Ribonucleic Acid  核糖体 RNA 
s                                                          second 秒 
SDS                            Sodium dodecyl  sulfate 十二烷基硫酸钠 
SSD                               Sum of Squared Defferences 方差总和 















TAE                  Tris-acetic acid-EDTA buffer  Tris-乙酸 EDTA 缓冲液 
TBE                   Tris-boric acid-EDTA buffer  Tris-硼酸 EDTA 缓冲液 
TE                                 Tris-EDTA buffer  Tris-EDTA 缓冲液 
Tm                                 Melting Temperature  DNA 变性温度 

























































































































同的带数，如 G 带(Giemsa banding) ，C 带(Constitutive heterochromatin banding) ，
N 带(Nucleolar organizer region banding) 等，可用于明确鉴别许多物种核型中的
任一条染色体。此外，染色体结构变异，如缺失、易位，非整倍体如缺体、单体、
三体等都各有其特定的细胞学特征，也可作为一种细胞标记。近几年，由细胞学
方法和分子杂交技术相结合发展起来的荧光原位杂交技术(fluorescence in situ 
hybridization，FlSH)，使得染色体变异的研究有了重大突破(邱芳等, 1998; 权洁
霞等, 1999)。染色体变异研究对于研究生物系统分类、起源与进化有重要意义，
它克服了形态标记易受环境影响的缺点(Andreata et al., 1993)。 
虾类细胞遗传学研究始于 19 世纪末，Carnoy(1885)首次报道了褐虾




太小(一般不超过 4 μm)，且数目庞大，二倍体数目(2n)为 64~376(邱高峰等, 1998)。
此外，美洲龙虾(Homarus americanus)的染色体数目变化较大(94~185)，可能是存
在超数染色体的缘故(Hughes, 1982)。核型分析的详细报道较少(Murofushi et al., 
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